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I. INTRODUCTION 
The structure of alkali silicate glasses has been the subject of a 
great many investigations. The majority of these investigations have been 
involved with a study of the change of one particular physical, electri­
cal, or optical property as the composition is varied. The variation 
of the particular property with composition is used as a means of study­
ing the glass structure since some properties of a glass are very 
structure sensitive. This is, of course, only an indirect method of 
studying the structure. Unfortunately, some of the more direct methods, 
such as X-ray diffraction, do not yield a great deal of information 
due to the lack of long range order in glasses. Others, like electron 
microscopy, can be used to give useful information on structural phenomena 
down to approximately 7 % in size. 
There are other factors that complicate the study of alkali silicate 
glass structures. The properties of glasses are very dependent on 
thermal treatment and on small amounts of impurities. Also, not all 
properties are equally sensitive to changes of structure and different 
properties are measured with different degrees of precision. Then too, 
some properties of alkali silicate glasses have been studied very little 
or not at all. This makes it very difficult to compare the investiga­
tions of various researchers. 
The investigations of researchers in the sodium silicate glass 
system contain a number of conflicting sets of evidence and conclusions 
regarding the properties and structure of these glasses. Since it is 
difficult to compare the results of these investigations, for the reasons 
previously discussed, it seemed logical that a study of a number of the 
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significant properties of identically prepared and treated sodium 
silicate glasses would be of value. Electrical conductivity, density, 
index of refraction, and infrared absorption were selected for study 
since they represent different aspects of the structure. Electron 
microscopy was included to study the nature of the phase separation 
region so that its effect on the properties might be better understood. 
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II. LITERATURE REVIEW 
A. Structure 
The study of the structure of glasses has been going on for many 
years but many of the fundamental structural characteristics are still 
very much in doubt. A great number of investigators have studied the 
structure of sodium silicate glasses and they have drawn a large number 
of different and often conflicting conclusions. The investigations have 
included the measuring of the many physical, chemical, and electrical 
properties of sodium silicate glasses as well as more direct approaches 
such as electron microscopy and X-ray diffraction. 
Early researchers, such as Zachariasen (1) and Warren (2), con­
sidered alkali silicate glasses to be composed of silica tetrahedra 
bonded together in random orientations with alkali metal ions occupying 
the holes in the silica framework. The sudden changes in some property 
vs. composition curves at certain stoichiometric compositions caused 
others, such as Preston (3), to speculate about the possibility of discrete 
molecules of silica, sodium metasilicate, and sodium disilicate existing 
within the glass. The X-ray diffraction work of Warren and Biscoe (4) 
has ruled out the possibility of enough discrete molecules existing 
in the glass to be of structural significance. Others have also used 
the breaks in property vs. composition curves as indicating changes in 
the glass structure. Muggins (5) interprets the volume per gram atom 
of oxygen vs. composition curve as consisting of a series of straight 
lines, with each different segment indicating that different "structron" 
types are present in the structure. His structron is an atom surrounded 
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by close neighbors in a specific way, i.e., a silicon surrounded by 4 
oxygens, a sodium surrounded by 6 oxygens, etc. The type of structrons 
present in a certain composition region is determined by volume and 
electrical neutrality conditions. The number of structrons of a given 
type within a certain composition region can, of course, change as the 
composition is varied within that region. The breaks in the volume-
composition curve occur at compositions where one or more structron 
types are no longer feasible and new structron types appear. 
Oemishev (6) contends that silicate glasses have a more or less 
well-defined polymeric structure. The polymer chains are formed by 
principal valence bonds while interaction between chains is effected by 
van der Waals and dispersion forces. The bond energy within a chain 
is considerably greater than that between neighboring chains. Thus, an 
individual chain can vibrate independent of its neighbors at high tempera­
tures when subjected to ultrasonic waves of the proper frequency. He 
gives the variations of the longitudinal vibration frequencies in a thin 
glass rod upon heating as evidence that the chains exist and can be 
detected by ultrasonic vibrations. 
Tilton (7) has a structure theory based on his "vitron." A vitron 
is a cluster of distorted pentagonal dodecahedra composed of silica 
tetrahedra. It has five fold symmetry and is therefore incapable of 
forming macrocrystals. The vitron has a rather large internal cavity 
capable of holding many cations or cations and oxygens. At certain 
compositions Tilton contends that there will be an integral number of 
sodium ions in a vitron cavity. He relates these compositions to breaks 
in various property vs. composition curves. In the case of chemical 
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attack on sodium silicate glasses he finds a sudden change in the curve 
near 23.1 mole % Na20 where there are 3 Na ions available per cavity and 
the maximum number of oxygens are also contained within the cavities. 
With greater percentages of Na20 the network starts to break down 
because the number of unshared oxygens starts to increase. This is given 
as the cause of the sharp increase in the rate of chemical attack. It 
is interesting to note that he interprets the electrical resistivity 
data of Seddon, Tippet, and Turner (8) as being composed of 4 straight 
line segments rather than two. 
The existence of a metastable phase separation region in sodium 
silicate glasses has been demonstrated by a number of investigators using 
different methods. Charles (9) and Hammel (10) used electron microscopy 
of replicas of etched fracture surfaces to study the nature of the 
separated phases. The differential etching shows that three types of 
phase distribution exist within the immiscibility region. At very low 
Na20 contents there are dispersed droplets of a high alkali phase within 
a matrix of higher SiOg content. At higher Na20 contents the situation 
is reversed and droplets of a high silica phase are found in a matrix of 
higher Na20 content. In between these two structures there is a short 
compositional region in which the high silica and high alkali phases 
are both continuous and form mutually interconnected phases. Charles 
also determined the activation energy for conduction in sodium silicate 
glasses and found that the activation energy vs. composition curve is a 
straight line from 7.8 to 44.2 mole % Na20. He cites this as evidence 
that the composition of the highly conductive, segregated phase remains 
fairly constant as the overall Na20 content is varied over these limits. 
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Hamrael (10) used light scattering and electron microscopy to 
study the phase separation and reached conclusions similar to those of 
Charles. The metastable phase separation region as determined by 
Charles and Hammel is given in Figure 1, Andreev and Aver'yanov (11) also 
used light scattering and electron microscopy and their results agree 
substantially with those of Charles and Hammel. Small angle X-ray 
scattering was used by Goganov and Porai-Koshits (12) to substantiate the 
existence of microheterogeneities. 
The existence of heterogeneities too small to be considered phase 
separation has also been proposed. Aver'yanov and Porai-Koshits (13) 
state that alkali silicate glasses outside the phase separation region 
might still be heterogeneous. They succeeded in causing a heterogeneous 
structure, observed by electron microscopy, in a lithium silicate glass 
whose composition is outside the phase separation region. Mazurin and 
Brailovskii (14) studied the electrical properties of sodium silicate 
glasses with various heat treatments chosen to give different sizes 
and distributions of the separated phase. The dielectric loss of a given 
composition glass remained the same whether the glass was clear or 
turbid. They give this as evidence that the total volume, composition, 
and structure of the two phases are fairly constant even though the size 
of the dispersed phase droplets changes. They also speculate that other, 
smaller heterogeneities exist from the shape of the dielectric loss vs. 
frequency curve. 
Figure 1. Metastable phase separation region as determined by 
Charles (9) and Hammel (10) 
The dashed line indicates the unstable region and is shown 
only for completeness. Its exact shape or limits have 
not been determined. 
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B. Electrical Resistivity 
Several investigators (8, 15, 16) have shown that the electrical 
conductivity of most ordinary silicate glasses is due to the motion of 
alkali ions, especially sodium, through the interstitial holes in the 
glass structure. Therefore, sodium silicate glasses have been used 
to study the electrical properties of glasses. One of the early 
investigations into the electrical characteristics of sodium silicate 
glasses was that of Seddon, Tippet, and Turner (8). They determined 
the electrical resistivity of silicate glasses containing from 8.40 to 
49.79 weight % Na20 using either direct current or 50 hz. alternating 
current depending on the sample. The temperature was varied from room 
temperature to approximately 500°C for each sample and the electrical 
resistivity was measured at various tonperatures. They found that below 
about 33 mole % Na20 a plot of log p vs. composition at any given test 
temperature was a straight line. The same was true for compositions 
containing greater amounts of Na20 but the slope of these straight lines 
is less than the slope of the previous lines. This intersection of 
straight lines at 33 mole % Na20 was found at all test temperatures as 
shown in Figure 2. They credited this change in slope to a change in 
the degree of ionization of sodium atoms in the glass. 
Blank (17) investigated the electrical resistivity of sodium silicate 
glasses up to 450*C and found results nearly identical to those of 
Seddon, Tippet, and Turner (8). He reported a break in the logp vs. 
composition plot at 33 mole % Na^ O. He also computed the activation 
energies for conduction. These are shown graphically in Figure 3. This 
plot of activation energy vs. composition shows a smooth curve with no 
Figure 2. Electrical resistivity as a function of composition 
The data from 50 to 400*C are from Seddon, Tippet, and 
Turner (8). The others are from Babcock (18). 
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breaks or sudden shifts. 
Babcock (18) investigated the electrical resistivity of sodium 
silicate glasses at 500 hz. with the temperature ranging from 394 to 
1323°C and compositions from 18.4 to 52.1 weight % Na20. His findings 
are also similar to those of Seddon, Tippet, and Turner (8) and are 
shown in Figure 2, However, the difference in slope between the two 
straight line segments decreases as the temperature increases until the 
slopes become equal near 800*C. No explanations are given. He also 
calculated the activation energies for conduction of these glasses 
and found a minimum near 40 weight % Na20. 
The same break in log p vs. composition curves was found by 
Mazurin and Borisovskii (22) who determined the electrical resistivity 
of sodium silicate glasses ranging from 27 to 48 mole % Na20 at 
150 and 300*C. Again, no explanation for the change in slope is given. 
Their results are shown in Figure 4. 
The electrical resistivity data of Seddon, Tippet, and Turner (8) 
has been interpreted in a different manner by Tilton (7). He interprets 
the log p vs. composition curves as being composed of straight line 
segments with changes in slope at 16.7, 28.6, and 37.5 mole % Na20. He 
explains the electrical behavior in the four resulting compositional 
areas by means of his vitron theory. His vitron is a distorted penta­
gonal dodecahedron of silica tetrahedra with a relatively large interior 
cavity. In the case of sodium silicate glasses there are two sodium 
atoms per cavity at 16.7 mole % Na20, four sodium atoms per cavity 28.6 
mole i Na20, and six sodium atoms per cavity at 37.5 mole % Na20. 
Figure 4. Electrical resistivity as a function of composition 
0 Mazurin and Borisovskii (22), 
A Otto and Milberg (21). 
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The electrical resistivities of sodium silicate glasses ranging 
from 7.9 to 40.0 mole % Na20 were determined at 50 hz. and tempera­
tures fraa 360 to 480*C by Haven and Verkerk (19). They used their data 
to determine the activation energies for conduction. These are given 
in Figure 3 and show a pronounced maximum near 19 mole % Na20 that they 
do not explain. 
Kamel (20) also determined the activation energies for conduction 
of sodium silicate glasses ranging from 11 to 18 mole % Na20 by electrical 
conductivity measurements and by internal friction. These agree closely 
and those based on electrical measurements are shown in Figure 3. 
The electrical resistivity data of Otto and Milberg (21) and 
Milberg* show a different trend than that of Seddon, Tippet, and Turner 
(8). They investigated the electrical resistivity of sodium silicate 
glasses at 1592 hz. with compositions ranging from 5 to 45 mole % Na20 
and temperatures of 250 and 350*C. Their results are shown in Figure 4. 
Their log p vs. composition curves are generally smooth except for an 
increase in resistivity at 30 mole % Na20. They also give activation 
energies for conduction as a function of composition as shown in Figure 
3. This curve is composed of two straight line segments intersecting at 
25 mole % NagO. They suggest that this break might be attributed to the 
disappearance at 23 mole % Na20 of groupings in which a bridging oxygen 
is surrounded only by the two silicons to which it is bonded. At 
*Milberg, M. E., Ford Motor Company Scientific Laboratory, Dearborn, 
Michigan. Data from electrical resistivity measurements. Private 
Communication. 1969. 
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compositions greater than 23 mole % Na20 each bridging oxygen has at 
least one sodium ion in its vicinity as well as the two silicons. The 
high barrier to motion of a cation is in the vicinity of a bridging 
oxygen. When each bridging oxygen has a cation nearby this barrier will 
be lowered or removed. 
From the foregoing discussion it can be seen that much confusion 
exists regarding the electrical resistivity characteristics of sodium 
silicate glasses and the activation energies for conduction. 
C. Viscosity 
The viscosity of sodium silicate glasses from 900 to 1400*C was 
determined by Preston (3). His results show two relative minima, one 
near 25 mole % Na20 and a more pronounced one at 33 Mole % Na20. He 
expresses doubts as to the existence of the small deflection at 25 % 
but the minimum at 33 % is much too large to overlook. He says that this 
discontinuity is strong evidence for the existence of the compound 
Na20*2Si02 in the liquid state. 
The results of Eipeltauer and Jangg (23), who studied the viscosity 
of sodium silicate glasses from 900 to 1300°C, are very similar to those 
of Preston (3) and are shown in Figure 5. They also found two relative 
minima in the log viscosity-composition isotherms near 25 and 33 mole % 
Na20. 
Lillie (24) also determined the viscosity of sodium silicate glasses 
from 900 to 1400*C. His results, shown in Figure 6, show smooth log 
viscosity-composition isotherms with no significant fluctuations. 
Comparisons of Lillie's data with that of Eipeltauer and Jangg (23) shows 
Figure 5. Viscosity as a function of composition 
Data taken from Eipeltauer and Jangg (23). 
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Figure 6. Viscosity as a function of composition 
Data taken from Lillie (24). 
22 
P 
O 
O 
MOLE % NqjO 
23 
that the only major deviation between the two is the absence of the 
Lillie's minima in curves at 25 and 53 mole % NaoO. 
ileidtkamp and Endell (25) found smooth log viscosity-composition 
isotherms from 1000 to 1500°C for sodium silicate glasses. These curves 
have the same slightly "S" shaped character as those given by Lillie 
(24). 
The log n vs. composition isotherms given by Babcock (18) for 
sodium silicate glasses at temperatures from 808 to 1323*C are also 
smooth curves. 
Poole (26) found the viscosity of sodium silicate and potassium 
silicate glasses at lower temperatures. With the sodium silicate glasses 
the temperatures ranged from 400 to 650°C. His results give smooth 
log n vs. composition isotherms. The log n isokokoms (log n = 10) for 
sodium silicate glasses, as shown in Figure 7, shows two inflection 
points at about 25 and 35 mole % Na20. It has been suggested that this 
is due to compounds such as Na20«2Si02. However, he discounts this 
theory since the same plot for potassium silicate glasses shows the 
inflection points at about 18 and 28 mole % K2O. Since both of these 
alkali silicate systems have similar phase equilibrium diagrams the 
inflection points would be expected to be similar if disilicate compounds 
existed in these glasses. 
D. Density and Index of Refraction 
The density of sodium silicate glasses has been determined by many 
investigators. The characteristic results of Babcock (18), Myuller (27), 
and Morey and Merwin (28) are shown in Figure 8. They show a smooth 
Figure 7. Reciprocal of absoi Ate temperature at which log n = 10 
as a function of ccaposition 
Data taken from Poole (26). 
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density vs. composition curve with no significant fluctuations. 
The results of a study by Glaze, Young, and Finn (29) are similar 
to those above but they state that their data could be represented by 
four straight line segments intersecting at 25, 33, and 40 mole % Na20. 
The change in slope from one region to another is rather small. Muggins 
(S) presents a similar argument. He says the breaks are due to different 
"structrons" being present over different composition ranges. He 
defines his "structron" as a structural element composed of an atom of 
a given kind in a given local environment. 
The index of refraction of sodium silicate glasses has also been 
determined by several investigators. The characteristic results of 
Peddle (30) and Morey and Merwin (28) are shown in Figure 8. They show 
a smooth index of refraction vs. composition curve with no significant 
fluctuations. However, Babcock (31) interprets similar data as a series 
of straight line segments with breaks at 25 and 33 mole % Na^ O. 
£. Hardness 
The diamond pyramid hardness of sodium silicate and potassium sili­
cate glasses was determined by Ainsworth (32). He found a minimum 
hardness at 31 mole % Na20 and a relative minimum at 18 mole % KgO* His 
results are shown in Figure 9. He compares the fluctuations in his 
curves with those Poole (26) found in his log n isokoms (log n = 10). 
Poole's inflection points are 18 and 28 mole % K2O and 25 and 35 mole % 
Na20. Ainsworth says that his inflection points agree well with those 
of Poole since the hardness was determined at room temperature whereas 
the viscosity was determined at much higher temperatures. Therefore, 
Figure 9. Diamond pyramid hardness as a function of composition 
Data taken from Ainsworth (32). 
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they would not be expected to have identical structures. He concludes 
that since the diamond pyramid hardness is dependent on the bond 
strength of the glass, the bond strength of sodium silicate glasses is 
a minimum near 31 mole % Na20. 
F. Infrared Absorption 
The infrared absorption of sodium silicate glasses in the region 
of 6 to 15 microns wavelength has been reported by El-Azm and Ashour 
(33) and Pozubenkov and Florinskaya (34). The transmission spectra 
found by El-Azm and Ashour for various compositions are shown in Figure 
10. The large valley from 9 to 11 microns is characteristic of silicate 
glasses and is due to the Si02 network. The absorption near 7 microns 
is credited to CO^  vibrations due to the presence of CO2 in the glasses. 
They state that the retention of CO2 increases as the Na20 increases 
past25 mole %. They conclude that at 25 mole % Na20 all the interstices 
in the glass network are occupied by Na"*" ions and that by retaining CO2 
it is easier for the additional Na+ ions to find suitable sites. Also 
at 25 mole % Na20 the large absorption valley centered near 10 microns 
becomes two distinct absorptions. 
The general shape of the spectra reported by Pozubenkov and 
Florinskaya (34) are similar to those in Figure 10. However, they find 
the CO2 absorption in samples containing as little as 12 mole % Na20 
which was the lowest Na20 concentration tested. Also, they find the 
breaking of the large absorption valley near 10 microns into two distinct 
absorptions to start taking place near 30 mole % Na20. 
Figure 10. Infrared transmission spectra of sodium silicate glasses 
Data taken from El-Azra and Ashour (33) . 
Sample number Mole % Na20 
1 0.0 
2 19.0 
3 22.2 
4 25.0 
5 28.5 
6 30.7 
7 33.3 
8 36.0 
9 40.0 
10 44.4 
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Adams (35; 36) studied the infrared absorption of sodium silicate 
glasses in the region of 1 to 6 microns wavelength. He shows that the 
absorption band near 2.9 microns is due to OH" vibrations caused by 
retention of water in the glass structure. Figure 11 shows the trans­
mission spectra of a 29.4 mole % Na20 glass before and after bubbling 
the melt with dry air to remove the water. 
Figure 11. Infrared transmission spectra of a sodium silicate glass 
of composition 29.4 mole % Na20, 70.6 mole % Si02 
Data taken from Adams (35). 
a. Prepared in normal manner. 
b. After bubbling dry air through melt. 
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III. EXPERIMENTAL PROCEDURE 
A. Melting Procedure 
All glasses used in this study were prepared from reagent grade 
chemicals. Silicic acid powder (SiG^ 'nH^ O) and anhydrous sodium carbo­
nate (Na^ COg) from the Baker Chemical Company were used. Their chemical 
analyses are given in Table 1 and Table 2. 
Table 1. Sodium carbonate 
Component Weight % 
Na2C0g 99. 5 
Insoluble matter 0. 001 
Loss on heating at 285°C 0. 13 
Chloride (CI) 0. 0003 
Nitrogen compounds (as N) 0. 0005 
Phosphate (PO4) 0. 0003 
Sulfur compounds (as SO4) 0. 001 
Amonium hydroxide precipitate 0. 001 
Arsenic 0. 00005 
Ca and Mg precipitate 0. 005 
Heavy metals (as Pb) 0. 0003 
Iron (Fe) 0. 0002 
Potassium (K) 0. 002 
Silica (SiOg) 0, 003 
38 
Table 2. Silicic acid 
Component Weight % 
SiOz 87. 1 
Loss on ignition (as H2O) 16. S 
Iron (Fe) 0. 0005 
Heavy metals (as Pb) 0. 0001 
Sulfate CSO4) 0. 003 
Chloride (CI) 0. 008 
Nonvolatile with HF 0. 04 
The loss on ignition of the silicic acid was determined by observing 
the loss in weight of three samples of the acid after being heated for 
2 hours at 1100*C in platinum crucibles. 
Twelve different glass samples were prepared with the Na20 content 
ranging from 10 to 43 mole % in 3 mole % intervals. A 50 gram batch 
was prepared for each glass by weighing each component to the nearest 
0.001 gram. After weighing, each batch was thoroughly mixed and placed 
in a platinum dish. 
The melting was carried out in an internally wound 60% Pt-40% Rh 
resistance furnace. A West JSCR Set Point Unit controller was used to 
set the maximum temperature. These temperatures are given in Table 3, 
The batch was heated slowly to the pre-selected maximum temperature and 
allowed to soak at that temperature for 1 hour. At the end of the soak­
ing period the crucible was removed and the glass was poured into short 
59 
Table 3. Melting and annealing temperatures 
Sample Melting Annealing 
number temperature °C temperature °C 
10 1650 680 
13 1600 650 
16 1600 620 
19 1600 600 
22 1600 570 
25 1550 550 
28 1550 530 
31 1500 510 
34 1500 490 
37 1450 480 
40 1450 460 
43 1400 450 
segments of fused silica tubing set on a steel plate and allowed to air 
quench. Thus, the bulk of each sample was in the form of glass rods about 
12 mm. in diameter. 
A small amount of each sample was then remelted under vacuum. The 
glass was crushed in an alumina mortar and then placed on a resistance 
heater strip made of 0.001 inch thick platinum foil. The platinum strip 
was about 10 mui wide and 60 mm. long and had a small circular depression 
formed near its center to contain the glass. The strip was heated 
electrically in a lOOu vacuum. Once the glass was molten the temperature 
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was held constant until all bubbles had stopped. This took from 10 to 
15 minutes. Samples containing only 10 and 13 mole % Na20 could not be 
remelted in this manner due to the higher temperatures needed and the 
limited current capacity of the Kinney vacuum evaporator. The glass 
was allowed to cool and then the platinum foil was peeled off the 
sample. 
B. Electrical Conductivity 
Disk shaped samples were prepared from the glass rods by cutting a 
thin section off with a diamond saw. The remelted glasses were already 
disk shaped so they required no cutting. All disks were further thinned 
by dry grinding on 220 and 600 grit SiC paper until all were less than 
2 mm. thick. 
They were annealed at temperatures ranging from 450 to 650°C, as 
given in Table 3, for 4 hours and allowed to cool not faster than 2°C 
per minute. All samples were checked in a polariscope and were found to 
be well annealed. After annealing the sides were ground flat and parallel 
on 600 grit SiC paper followed by a 6^  diamond paste polishing. 
Electrodes were applied by depositing palladium vapor onto the 
polished surfaces using a Kinney vacuum evaporator. Brass shim stock 
squares with 0.250 inch holes punched in them were used to mask the faces 
of the samples so that the electrodes would all have a constant and known 
area. A length of palladium wire weighing 0.025 gram was evaporated 
vertically onto the specimen from a tungsten wire located 3 cm. above 
the specimens. This procedure was followed for both sides of all samples 
Special care was taken to assure that the second electrode lined up 
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properly with the first. 
The furnace in which the electrical conductivity was measured was 
an electrical resistance type using Kanthal wire wound externally on a 
fused silica tube. The temperature was controlled by a Leeds and 
Northrup 10170 cam driven controller set for a heating rate of 2°C 
per minute. Temperature was recorded on a Leeds and Northrup Speedomax G. 
The sample to be tested was placed between two Invar metal elec­
trodes, which had been palladium plated on their contact surfaces. 
These were then slipped into the fused silica core of the furnace and 
rested on a fused silica support. The Pt-Pt 10% Rh thermocouple was 
inserted into a hole in the lower electrode so that its tip was only 
1 mm. from the sample. This thermocouple was calibrated against a 
Chromel-Alumel thermocouple in the specimen position and the temperatures 
were adjusted accordingly. 
The electrical conductance was measured by a Wayne Kerr B221 
Universal Bridge using its internal source of 1592 hz. Conductance 
readings were taken for each sample at 200°C and at 50°C intervals up to 
within approximately 50°C of the appropriate annealing temperature. 
Before the conductance was measured the sample was soaked at the desired 
temperature for 10 minutes. Each sample was tested twice to insure 
reproducibility of the results. 
C. Density 
The disk shaped samples prepared for the electrical conductivity 
measurements, prior to the palladium plating but after annealing, were 
weighed in air and weighed suspended in CCI4. Weights were recorded to 
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the nearest 0.0001 gram. The density of the CCI4 was determined by 
weighing a known volume of the liquid. The densities of the glasses 
were then determined by the Archimedes method. Each sample was weighed 
twice to insure reproducibility. Densities were determined to the 
nearest 0.01 g/cm^ . 
D. Index of Refraction 
A small piece of annealed glass was crushed in an alumina mortar. 
The resulting powder was sized by dry sieving. The portion greater than 
200 mesh but less than 100 mesh was used. The index of refraction of 
each sample was determined by matching its index with that of an oil of 
known index in a pétrographie microscope using a sodium vapor light as 
the source of illumination. Each index was determined to the nearest 
0.001. 
E. Electron Microscopy 
Specimens for examination in the electron microscope were prepared 
by two-stage replication of etched fracture surfaces of the glasses. 
A freshly fractured surface of each annealed glass was etched for 50 
seconds with a solution of 1% HF and 1% HCl in water and then rinsed 
with distilled water and quickly dried. It was not possible to obtain 
fracture surfaces of sufficient size for replication with the remelted 
glasses due to their extreme thinness so they had to be omitted from 
this phase of the study. A drop of 2% parlodion in amyl acetate was 
placed on the etched surface and allowed to dry thoroughly. This film 
was floated off on water by gently immersing the glass fragment so that 
the surface tension of the water pulled the film off the glass. A 
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3.OS ram. 200 mesh copper grid was placed on the film with a pair of 
tweezers. The grid was then pushed down so that both it and the film 
were forced beneath the surface of the water where they were inverted so 
that when pulled above the surface of the water the parlodion film was 
on top of the grid. The filmed grids were dried by placing them on 
filter paper. 
The dry filmed grids were placed in a vacuum evaporator to be 
shadowed with chrome and backed with silicon monoxide so that a replica 
could be made of the parlodion film. A chrome chip was evaporated from 
a tungsten wire basket at a distance of 10 cm. and an angle of 20° to 
the grids to give a chrome shadow approximately 50 ^  thick. The silicon 
monoxide was evaporated vertically onto the shadowed films from a tungsten 
wire basket at a height of 10 cm. to provide a backing film approximately 
200 X thick. The parlodion was removed by placing the grids on filter 
paper soaked in amyl acetate for 72 hours. The grids were then dried 
on filter paper and stored in small plastic bottles. 
All samples were examined in a Siemens Elmiskop I electron micro­
scope at a magnification of 20,000 diameters. Pictures of each specimen 
were recorded on 6.5 x 9.0 cm Kodak high contrast film. 
F. Infrared Absorption 
Infrared absorption samples were prepared by the KBr pellet tech­
nique. A small amount of glass was crushed in an alujiiina mortar and 
0.0010 gram was added to 0.400 gram of spectroscopic grade KBr powder 
from Matheson, Coleman, and Bell. The KBr and glass were thoroughly 
mixed and crushed in an alumina mortar and then placed in a steel die. 
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The die was connected to a vacuum pump and was evacuated to less than 
1 mm. of mercury before pressing began. The sample was pressed at 
90,000 psi for 5 minutes in a Carver hydraulic press. The resulting 
pellets are 5 mm. by 25 mm. and approximately 1.5 mm. thick. 
These pellets were examined in a Beckman IR4 Infrared Spectro­
photometer using rock salt optics. The spectrometer was operated as a 
double beam instrument and a blank KBr pellet was placed in the reference 
beam. Each sample was scanned from 1 to 16 microns at the rate of 1 
micron per minute. The per cent transmission was recorded on chart 
paper. 
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IV. RESULTS 
A. electrical Resistivity 
The results of the electrical resistivity measurements on both 
series of glasses (before and after remelting) are given in Table 4 and 
Table 5 along with the mole % NazO in each sample as determined by the 
Bruce Williams Laboratory. The resistivity values listed are the 
averages obtained from two separate readings. The maximum deviation noted 
between any two corresponding values was less than 5%. 
A plot of log p vs. composition for both series, at 250 and 350°C, 
is shown in Figure 12. From these curves it can be seen that for a given 
composition and temperature the resistivity has been increased in every 
case by remelting under vacuum. The curves for the samples tested 
before remelting are generally smooth except that the values for 28 and 
31 mole % Na^ O are lower than would be expected from the general shape 
of the curves. After melting under vacuura, these deviations disappear 
and the values can be connected by smooth curves. 
The activation energies, computed from the slopes of least squares 
lines of log p vs. 1/T, are given in Tables 4 and 5. They are also shown 
graphically in Figure 13. As was the case with the resistivity curves, 
the plot of activation energy vs. composition before remelting is 
basically a smooth curve but the values for 28 and 31 mole % Na^ O are 
lower than expected from the general shape of the curve. The activation 
energies are increased by melting under vacuum and again the deviation 
from a smooth curve has disappeared. 
No. 
10 
13 
16 
19 
22 
25 
28 
31 
34 
37 
40 
43 
Electrical resistivity before remelting 
Mole Log resistivity at temperature Activation 
% 
Na20 200 250 300 350 400 450 500 550 
ener; 
(Kcal/r 
10.11 6.49 5.74 4.79 4.59 4.20 3.77 3.43 3.12 16.5 
13.05 6.07 5.33 4.78 4.25 3.90 3.49 3.18 2.89 15.8 
15.73 5.55 5.06 4.48 3.96 3.57 3.22 2.90 2.56 15.6 
19.18 5.52 4.87 4.33 3.86 3.50 3.14 2.87 2.57 14.9 
22.04 5.35 4.69 4.20 3.76 3.40 3.05 2.80 2.50 14.4 
24.62 5.05 4.41 4.00 3.43 3.17 2.89 14.1 
27.88 4.53 3.94 3.49 3.04 2.69 2.40 13.5 
30.89 4.20 3.63 3.17 2.74 2.45 2.10 13.0 
34.06 4.08 3.56 2.95 2.69 2.37 1.95 13.0 
36.74 3.95 3.38 2.95 2.56 2.22 12.7 
39.58 3.74 3.21 2.77 2.38 2.06 12.2 
42.43 3.53 3.05 2.60 2.23 1.94 11.8 
>le 
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No, 
16 
19 
2 2  
25 
28 
31 
34 
37 
40 
43 
Electrical resistivity after remelting 
Mole Log resistivity at temperature Activation 
% energy 
NagO 200 250 300 350 400 450 500 550 (Kcal/mole) 
15.71 5.98 5.28 4.70 4.18 3.80 3.41 3.05 2.75 16.1 
19.02 5.60 4.91 4.38 3.87 3.50 3.13 2.82 2.56 15.3 
22.18 5.42 4.74 4.22 3.71 3.36 2.99 2.68 2.42 15.0 
24.67 5.08 4.42 3.93 3.43 3.10 2.75 14.4 
27.72 4.91 4.24 3.74 3.26 2.93 2.60 14.2 
30.80 4.68 3.99 3.52 3.08 2.73 2.41 13.8 
33.88 4.45 3.83 3.36 2.92 2.58 2.27 13.5 
36.31 4.33 3.73 3.12 2.82 2.50 13.3 
39.23 4.19 3.60 3.12 2.70 2.39 13.1 
42.18 3.73 3.34 2.90 2.46 2.14 12.9 
Figure 12. Electrical resistivity as a function of composition 
A Before remelting. 
0 After melting under vacuum. 
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Figure 13. Activation energy for electrical conductivity as a 
function of composition 
A Before remelting. 
0 After melting under vacuum. 
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B. Density and Index of Refraction 
The values determined for density and index of refraction of both 
series of glasses are given in Table 6 and are shown graphically in 
Figure 14 and Figure 15. Again the values listed are the averages of 
two independent determinations. The figures show that the curves for 
the samples prior to remelting have deviations from their generally 
smooth shape at 28 and 31 mole % Na^ O. For both of these compositions 
the density and index of refraction is greater than expected from the 
general shape of the curves. The curves representing the glasses after 
melting under vacuum are lower in both cases and both are smooth curves 
with no deviations at 28 and 31 mole % Na20. 
Table 6. Density and index of refraction 
Before remelting After remelting 
Sample 
No. 
Density 
(g/cm^ ) 
Index of 
refraction 
Density 
(g/cm3) 
Index of 
refraction 
10 2.290 1.474 
13 2.318 1.479 
16 2.345 1.484 2.338 1.483 
19 2.386 1.490 2.369 1.488 
22 2.410 1.494 2.394 1.493 
25 2.435 1.499 2.421 1.497 
28 2.473 1.505 2.446 1.500 
31 2.496 1.508 2.470 1.504 
34 2.502 1.508 2.492 1.506 
37 2.520 1.511 2.507 1.508 
40 2.538 1.513 2.520 1.511 
43 2.551 1.515 2.541 1.513 
Figure 14. Density as a function of composition 
A Before remelting. 
0 After melting under vacuum. 
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Figure IS. Index of refraction as a function of composition 
A Before remelting. 
0 After melting under vacuum. 
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C. Infrared Transmission 
The infrared transmission spectra of the glasses prior to melting 
under vacuum are shown in Figure 16. It can be seen that as the % 
Na20 increases the absorptions due to water, 2.9 and 3.4 microns, and 
to carbon dioxide, 7.0 microns, also increase. However, there is an 
unexpectedly large increase at 28 and 31 mole % Na20. This is 
especially noticeable in the water absorption bands. Also, as the % 
Na20 increases the large, broad absorption band around 9 to 11 microns, 
which is typical of silicate glasses, becomes two distinct absorptions 
at 34 mole % Na20. One is centered near 9.5 microns and the other 
around 11.2 microns. 
The infrared transmission spectra of the glasses after melting under 
vacuum are shown in Figure 17. The absorption due to water at 3.4 
microns has completely disappeared and the absorptions at 2.9 and 
7.0 microns are reduced in all cases. Also, the increase in absorption 
at 2.9 and 7.0 microns as the % Na20 is increased is regular and does 
not have the sudden increase at 28 and 31 mole % Na 0. The general 
shape of the spectra are similar to those found on the glasses before 
being melted under vacuum. 
D. Electron Microscopy 
Representative electron micrographs taken of the replicas of the 
etched glass surfaces are shown in Figure 18. From 10 through 31 mole 
% Na20 the micrographs show a drop-like secondary phase dispersed 
within a faster etching continuous phase that is assumed to be higher 
in Na20 content. The diameter of the dispersed phase droplets is about 
Figure 16. Infrared transmission spectra for sodium silicate glasses 
before remelting 
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100% 
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Figure 17. Infrared transmission spectra of sodium silicate glasses 
after melting under vacuum 
61 
5 6 7 8 9 10 n 12 13 14 15 16 
WAVELENGTH (MICRONS) 
Figure 18. Electron micrographs of replicas from etched fracture 
surfaces of glasses numbered 10, 16, 19, 22, 25, 28, 51, 
34, 57, and 43 before reraelting 
(20,000% magnification) 
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2000 %. It is difficult to compare the size of the droplets in different 
samples since the droplet size varies within any given sample. However 
it appears that they are largest in the 19 and 22 mole % Na^ O samples. 
The 34 mole % Na20 sample shows a finer structure that is more 
difficult to interpret but might be indicative of small compositional 
fluctuations. The 37 and 43 mole % Na20 samples show an even finer 
structure that might also be due to small compositional variations. In 
these three samples there is no evidence of real phase separation. 
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V. DISCUSSION 
A. Infrared Transmission 
The infrared transmission spectra show three important character­
istics in regard to the water content of the glasses. Before melting 
under vacuum the 28 and 31 mole % Na20 samples contain more water than 
would be expected. Second, melting under vacuum removes much of the 
water and the amount of water in a sample becomes proportional to the 
Na20 content with no deviations as noted before remelting. Third, the 
water is present in the glasses as OH". This agrees with the findings 
of Adams (35, 36) and Harrison (37). 
To get some idea of the amount of water in the glasses, two 
samples (19 and 31 mole % Na20) were weighed before and after melting 
under vacuum. If it is assumed that 80% of the weight loss is due to 
evolution of water (this agrees with the study by Dalton (38)) then 
sample 19 lost approximately 2 mole % water and sample 31 lost about 8 
mole % water. The rest of the weight loss is assumed to be due to 
evolution of CO2 and other absorbed gases. The loss of Na due to 
remelting was very small as shown by the chemical analyses before and 
after remelting. The water contents of the glasses are somewhat higher 
than usually reported. This is possibly due to the large amount of 
water contained in the silicic acid. The loss on ignition of the 
silicic acid was nearly 18 weight % and almost all of this is assumed to 
be water. 
The change of the absorption band at lOy from one large band to two 
bands near 9.5% and 11.2% when the Na20 content reaches 34 mole % agrees 
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with the findings of Su, Borrelli, and Miller (39) and Pozubenkov and 
Florinskaya (34). Su, Borrelli, and Miller (39) attribute this to a 
change in the average number of singly bonded oxygens per SiO^  tetra-
hedra. A singly bonded oxygen is an oxygen bonded to only one silicon. 
Each Na20 added to a silicate glass can create one singly bonded oxygen 
at the disilicate composition each SiO^  tetrahedra has an average of 
two singly bonded oxygens and two doubly bonded oxygens. The electron 
micrographs show that the immiscibility limit is also near the disilicate. 
Lee and Fry (40) combined infrared transmission spectra of glasses 
and diffusion measurements of deuterium in the same glasses in order to 
study the nature of the OH' found in glass. Their findings indicate 
that the hydroxyl can be present as 'permanent* hydroxy1 and 'metastable' 
hydroxyl. The metastable hydroxyl probably is situated so that rela­
tively little hydrogen bonding occurs to oxygen atoms other than the 
hydroxyl oxygen. Their study of high silica glasses showed that as the 
metallic impurity level increased the amount of metastable hydroxyl also 
increased so that it is likely that the hydroxyls tend to locate near 
these metal ions. The permanent hydroxyls more likely exhibit hydrogen 
bonding to oxygens associated with the silica tetrahedra. It is there­
fore plausible that the majority of the water driven off during vacuum 
melting was from metastable hydroxyls and that samples 28 and 31 
contained more metastable hydroxyls than the adjacent samples. 
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B, Electrical Resistivity 
The electrical conductivity is seen to decrease after melting 
under vacuum. This plus the larger than expected conductivities of 
samples 28 and 31 before remelting indicate that the electrical con­
ductivity is increased by the presence of 'water' in the glass. 
Annealing temperatures and times were identical before and after the 
remelting so thermal history effects should be at a minimum. In light 
of the theory of Lee and Fry (40) it is possible that the 'metastable' 
hydroxyls are participating in the conduction process. Scholze and 
Mulfinger (41) studied the diffusion of water through glass and found 
that the protons jump from the hydroxyls to neighboring singly bonded 
oxygens and this is followed by the jump of hydroxyls. It is likely 
that this also happens in the presence of an electric field. This would 
account for the higher conductivity in a glass before the water is 
removed by melting under vacuum. 
The smooth log p vs. composition curves for the glasses after 
remelting are in contrast to those of Seddon, Tippet, and Turner (8) 
The activation energy vs. composition curve is also smooth for the 
remelted glasses. This shows that if there is a major structure change 
over the composition range tested it does not abruptly affect the 
electrical properties. This is in contrast to the structure theories 
of Huggxns (5) and Tilton (7). It also contradicts the results of 
Otto and Milberg (21) who found a break in the activation energy vs. 
composition curve at 25 mole % Na^ O. 
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C. Density and Index of Refraction 
The density and index of refraction both decreased for all glasses 
after remelting. Nasedkin, Panesh, and Rudnitskaya (42) have shown 
that the index of refraction increases with increasing water content. 
This is in agreement with the present study. Also, since the density 
and index of refraction normally follow the same trend it would be 
expected that the density would also increase as the water content 
increases. The present data would tend to indicate that this is true. 
From the data it must be assumed that the addition of water to 
the glass structure does not appreciably open up the glass network. 
This is possible if the metastable hydroxyls occupy 'interstitial' 
positions. It is apparent that the addition of water does not increase 
the density as greatly as adding the same number of moles of Na20 
would. If that were the case, then the 31 mole % Na20 would be nearly 
as dense as the 40 mole % Na20 glass. The larger size and lower weight 
of the OH" compared to the Na* could keep the densifying effect of 
water less than that of Na20. 
D. Electron Microscopy 
The micrographs show that the glasses containing 10 to 31 mole % 
Na20 are composed of two phases and that the dispersed phase is the 
higher Si02 phase. The 34 through 43 mole % Na20 glasses do not show 
the drop-like phase separated structure. However, they do show a fine 
textured structure that could be caused by compositional fluctuations 
throughout the glass that are too small and too random to be considered 
phase separation. This same type of structure was found in higher Li20 
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content glasses in the lithium silicate glass system by Aver'yanov 
and Porai-Koshits (13). 
The smooth property vs. composition curves found in this study 
indicate that there is no significant compositional or structural 
difference between the one phase glass near the immiscibility region 
and the major phase of the phase separated glass just within the 
immiscibility region. 
E. Glass Structure and the Conduction Process 
The sodium silicate glass system is a good system in which to 
study the conduction process of glasses since the Na'^  ions are known 
to be the major current carriers in most glasses and in this system it 
is generally assumed that there are no appreciable amounts of other 
mobile cations to confuse the conduction process. In this study, 
however, significant amounts of water were found in the glass as OH" 
ions. These are probably present as 'permanent* and 'metastable' 
hydroxyls (40) with the raetastable ions being mobile enough to move under 
the presence of an electric potential. This movement is probably 
accomplished by the jumping of protons from the hydroxyls to neighbor­
ing singly bonded oxygens followed by the jump of hydroxyls as predicted 
by Scholze and Mulfinger (41) and Drury, Roberts, and Roberts (43). 
Scholze and Mulfinger (41) showed that the diffusion rate for hydroxyls 
in sodium silicate glasses is about one-third of the rate for Na'*' ions. 
Other researchers have postulated that the Na"*" ions might also be 
found in two different structural positions since some of them appear to 
be less tightly bound than others. Experiments for determining the 
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percentage of Na"*" ions that take part in conduction in sodium bearing 
silicate glasses have been conducted. Le Blanc and Kerschbaum (15) 
used a sodium amalgam cathode and a mercury anode and found that at 
250°C approximately 80% of the Na ions in their soda-line glass were 
involved in the conduction process. Kraus and Darby [16) conducted 
experiments on a soda-lime glass tube where the Na ions were replaced by 
silver. They concluded that Ag"*" ions replaced Na* ions on an ion per 
ion basis, and at 278°C they found that about 74% of the Na'^  ions take 
part in the conduction process. At 343°C this increased to 81%. They 
give the ionic mobility for Na"*" ions at 343°C as 5.9x10'^  cm./volt sec. 
Dietzel (44) determined the percentage of Na+ ions that take part 
in conduction in a different manner. He calculated two possible, 
theoretical densities for Na20*3Si02 glass. The lower limit density of 
2.23 gm./cra^  was computed on the assumption that the volume of the glass 
is the sum of the volumes of the Na20 and the Si02. The high density 
limit of 2.52 gm./cm.^  was based on the assumption that as Na^ O is added 
to Si02 the Na* ions disappear into the holes in the glass structure 
leaving only the oxygen to contribute to the increase in volume. From 
his experimental density of 2.434 gm./cm.^  he concluded that 70% of the 
Na* ions were found in the holes of the glass structure. The other Na* 
ions are more tightly bound and do not contribute to conduction. 
Dietzel's method was applied to some of the glasses in the present 
study and the results are shown in Table 7. From this table it can be 
seen that the percentage of Na* ions found in the holes in the glass 
structure decreases as the mole % Na20 increases. 
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Table 7. Percentage of Na"*" ions found in holes 
Mole % 
Na20 
Theoretical 
Minimum 
Densities 
Maximum 
Experimental 
density 
% Na* in 
holes 
40 2.23 2.76 2.541 59 
33 2.22 2.65 2.485 63 
25 2.22 2.52 2.421 65 
16 2.22 2.39 2.338 71 
The diffusion of Na* ions in sodium silicate glasses has also been 
studied and can be compared to the electrical conduction process. The 
mobility of the Na* ions under an electric potential can be computed from 
the following equation: 
M = -2-
n q 
where a = electrical conductivity 
y = ionic mobility in cm/volt sec. 
n = number of charge carriers per cm^  
q = charge per charge carrier. 
Applying this equation to the 25 mole % Na20 sample and assuming that 
65% of the Na"*" ions take part in the conduction process results in a 
mobility for Na^  ions of 2.97 x 10"? cm^ /volt sec. 
Diffusion coefficients can be calculated from the mobility by means 
of the following equation: 
D = CkT/q)u 
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where D = diffusion coefficient 
k = Boltzmann's constant 
q = charge per charge carrier 
T = Absolute temperature 
y = ionic mobility. 
Applying this equation to the 25 mole % Na20 sample at 550°C, and again 
assuming that 65% of the Na* ions take part, gives a diffusion coef­
ficient of 1.60 X lOT^  cm^ /sec. If it is assumed that all Na"*" ions 
take part then the mobility is 1.93 x lOT? cm^ /volt sec. and the 
diffusion coefficient is 1.04 x 10"^  cm^ /sec. The diffusion coef­
ficient determined by Johnson, Bristow, and Blau (45) from diffusion 
experiments on a 25 mole % NagO glass at 350*C is 3.0 x 10"^  cm^ /sec. 
It is obvious that the diffusion coefficients calculated from conduct­
ivity measurements are significantly higher than those found by 
diffusion experiments. Le Clerc (46) found that diffusion coefficients 
calculated from conductivity measurements were about three times larger 
than those determined by diffusion experiments. He assumed that all 
of the Na"*" ions were taking part. In the present work, if it is 
assumed that all of the Na'*' ions take part then the diffusion coef­
ficient calculated from the conductivity is about three times as large 
as the experimental value. Haven and Stevels (47) suggest that this 
might be due to correlation between jumps of the Na"*" ions. The previous 
equation could then be rewritten as 
D = f(kT/q)y 
where f is the correlation between jumps. An interstitial type of 
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diffusion mechanism would result in a value of f = 1. A vacancy or 
indirect type of diffusion mechanism would give f = 0.3 to 0.5. It 
could therefore be assumed that electrical conductivity takes place 
by an interstitial type mechanism whereas diffusion takes place by a 
vacancy or indirect type of mechanism. If it is true that only about 
65% of the Na* ions take part in the conduction process then the correla­
tion factor, f, would have to be about 0.2. 
The sodium silicate glass system is also of interest because of 
the metastable immiscibility region which has been determined by electron 
micrographs and light scattering. In a system consisting of separated 
particles within a continuous matrix, such as the micrographs show for 
the immiscibility region, the electrical conductivity can be computed 
from the following formula if the conductivities and relative volumes 
of the two separated phases are known. The formula is 
% = Oc 
1 + 2fd 1 - *c/*d 
20c/0d + 1 
1 - Oç/Od 
2oç/ad * 1 
where = conductivity of the whole 
Og = conductivity of the continuous phase 
= conductivity of the discontinuous phase 
f^  = volume fraction of the discontinuous phase 
In applying this formula to the present separated system was 
considered as being equal to the conductivity of the 34 mole % Na20 
sample and was set equal to the conductivity of fused quartz since 
these were the approximate end points assumed for the immiscibility 
74 
region. For these values the ratio of 0^ /0^  is greater than 1000 which 
allows the formula to be simplified to 
Applying this equation to the 51 mole % Na20 sample at 250°C 
and solving for the volume fraction of the discontinuous phase one gets 
approximately 20% which agrees very favorably with the electron micro­
graphs. Applying the equation to the 28 mole % Na20 sample at 250°C 
and solving for f^  one gets about 50%. This does not agree with the 
micrograph which shows f^  to be about 20%. As smaller Na20 content 
samples are tried the required value for f^  keeps increasing. This also 
disagrees with the micrographs. 
According to the theory of the immiscibility region, the volume 
fraction of the discontinuous phase should increase as the mole % Na20 
decreases until both phases become continuous around 8 mole % Na20. 
This has been shown by Charles (9) and Hammel (10). Since this did not 
occur with the present system it is logical to assume that the two 
phases have not reached their equilibrium compositions or that some 
other changes in the structures of the two phases, such as a change in 
the ratio of mobile to immobile Na* ions, can account for the discrepancy. 
It is evident that more research is needed to completely explain 
the effects of the glass structure on the conduction process in sodium 
silicate glasses, particularly in the immiscibility region. Future 
or Pm= 
2-2fd 
where = resistivity of the whole 
Pg = resistivity of the continuous phase. 
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research that would be of value in more completely understanding the 
glass structure could include a comprehensive study comparing the 
diffusion of Na* ions into sodium silicate glasses under a chemical 
potential with diffusion under an electric potential. Also, a study of 
the effects of heat treatment on electrical conductivity of those glasses 
within the immiscibility region would be of value in determining if 
the extent of phase separation affects conductivity. Future work 
should also include a great many more compositions in order to accurately 
check for any breaks in the composition versus property curves. 
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VI. SUMMARY 
The glasses studied contained a significant amount of water, part 
of which was removed by vacuum melting. Removal of this water caused 
the electrical conductivity to decrease, and the density and index 
of refraction also decreased. This change in the water content was shown 
by the infrared transmission spectra. These spectra also showed that 
the water was present in the glasses in the form of OH". Some of 
these hydroxyls are probably hydrogen bonded to oxygens in the silica 
tetrahedra and are therefore more tightly held and harder to remove 
than the others which probably are found in the 'interstitial holes' in 
the glass network near Na* ions. These hydroxyls can take part in the 
conduction process. 
The electron micrographs showed evidence of phase separation in 
the glasses of 10 to 31 mole % Na20. The glasses with more than 31 mole 
% NagO showed no observable phase separation but did have a fine structure 
perhaps caused by small compositional fluctuations. 
The smooth curves formed by plotting electrical resistivity, 
density, and index of refraction of the remelted glasses vs. mole % 
Na20 contradict the theories of glass structure that call for breaks in 
these curves caused by abrupt changes in the glass structure at certain 
compositions. Therefore, the glass structure must change gradually as 
the composition is varied. Even when the immiscibility region is 
reached the change from the single phase structure to the structure of 
the major and continuous phase in the phase separated glass must be 
small and continuous. 
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